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ON THE PARALLEL BEHAVIOR OF CANCER AND BACTERIAL CELLS
IN THE SAME HOST: EXPERIMENTS WITH CORTISONE
AND A TRANSPLANTABLE MOUSE TUMORt
Of the numerous and important effects of cortisone recognized thus far,
this paper is primarily concerned with two. One is the inhibition of a
primary tumor growth with the concurrent promotion of metastases; the
second is the initiation of infection by saprophytic bacteria latent in tissues.
The present study has been designed to observe the simultaneous occur-
rence of these two phenomena in the same host so that they may be closely
compared.
MATERIALS AND METHODS
The HAS sarcoma. The tumor used in the present study is a mouse transplantable
tumor growing in its strain of origin. It is a sarcoma which has been perpetuated in
this laboratory since 1947 and was initially induced by the inoculation of 1 mg. of
methylcholanthrene, dissolved in 0.1 ml. of sesame oil, into the peritoneal cavity of a
C57 black mouse 4 months old. The mouse succumbed 136 days after inoculation bear-
ing a growth 2.0 x 1.5 cm., which had extended to involve the pleura, diaphragm, and
liver. Grossly, the tumor was soft and somewhat viscid; microscopically, it proved to
be a sarcoma comprised of bundles of large fibroblasts with clear cytoplasm and fre-
quent mitoses. The sarcoma grows readily when transplanted to C57 black mice, the
percentage of successful takes being 100% in most passages. Such tumor-bearing mice
live 6 or more weeks after grafting.
Since its induction, the HAS tumor has been maintained by monthly cell transplants
to C57 black mice, and it is now approximately in its 100th passage. When harvested
and transplanted, the tumors usually average 3 cm. in diameter, are frequently necrotic
at the core, but never induce metastases or inflammatory lesions in the viscera.
Throughout successive passages the sarcoma has maintained the microscopic features
of the original tumor although the amount of intercellular material has, in general,
increased. This histological feature, in frequent association with areas of necrosis, has
given the tumor a characteristic appearance (Figs. 1, 2, 3, 5, 7).
In transplanting the tumor, a mouse bearing a sizable growth is sacrificed and
neoplastic tissue is immediately excised and dissected free from grossly necrotic mate-
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rial. The tumor tissue is transferred to a glass homogenizer and ground with 20
volumes of saline. A 0.1 ml. inoculum of the cell suspension is injected into the groin
of susceptible animals, usually C57 black mice, ranging in age from 6-8 weeks. In
several experiments, 3,000 units of penicillin and 4 mg. of streptomycin were added to
10 ml. of the cell suspension 1 hour before injection. This either reduced considerably
or entirely suppressed the number of contaminating organisms. In general, tumor
growth was apparent 1-2 weeks after inoculation.
Cortisone. The hormone has been kindly supplied by Merck & Company (Cortone
Acetate). The mice received subcutaneous injections of 0.5 mg. per day during the
3 days prior to tumor inoculation, and then 0.1 mg. daily (except week-ends) until the
mouse died or was sacrificed. During the average span of 2 months after inoculation
a mouse would receive a total of 7 or 8 mg. of cortisone. No important changes in
body weight were observed.
Lyophilized tumor tissue. The tumor suspension, extracted with 1 or 2 volumes of
water, was lyophilized in the usual way. Each mouse was given 3 intraperitoneal injec-
tions each of 15 mg. of the dried material; the first inoculation was given on the day
the tumor was injected and the two subsequent doses at 5-day intervals. The effects of
lyophilized tumor tissue in heterologous strains of mice is discussed by Molomut,
et al.' and Kaliss, et al.'
EXPERIMENTAL
The properties of the HAS tumor. Apart from the gross and microscopic
characteristics of the HAS tumor which have persisted through 100
passages in C57 black mice, certain strain specificities have been noted. For
example, although the tumor grows well in C57 leaden mice, where our
data reveal 60 growths out of 60 tests, it could be transplanted to only 4 of
12 C57 brown mice. Curiously, the tumor grew until the death of the ani-
mal in 4 hairless mice. Ot the other hand, regression followed short periods
of growth in Swiss, A, C3H and DBA mice. All these data refer to mice
inoculated subcutaneously with 0.1 ml. of a 1: 20 cell suspension. If much
larger quantities were used, for example, if 0.5 ml. of a 1: 5 cell suspension
were injected into Swiss mice, then the tumor grew as well as it did in the
C57 black strain.
A striking characteristic of the tumor is its pronounced viscidity, best
shown when the tissue is ground and extracted. This viscidity disappeared
promptly upon addition of preparations of bull testis or streptococcus rich
in hyaluronidase,* indicating the presence of abundant hyaluronic acid
and/or other polysaccharides. This finding was confirmed by the late Dr.
Henry Bunting, who demonstrated a strong toluidine blue metachromatic
reaction in the tumor which disappeared after treatment with the enzyme
preparation.t From the abundance and nature of its intercellular matrix,
* Supplied by Wyeth Institute of Applied Biochemistry.
t These studies, by Dr. Bunting, are briefly mentioned on page 981 of his paper.'
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the HAS tumor belongs in the same category as certain other tumors such
as some of the avian sarcomas,8 "' human endotheliomas" and neoplasms of
synovial tissue.'
TUMOR PASSAGE IN CORTISONE-
TREATED MICE
These studies concerned the
transplanting of the HAS tumor
to C57 black mice and may be
grouped according to treatment:
A. Cortisone-treated mice. 17
tumor passages in 14 months. In
the first 5 passages lyophilized
tumor tissue was injected in addi-
tion to the cell suspension.
B. 1. Cortisone-treated mice. 5
tumor passages in 2Y2
months.
2. Cortisone-treated mice. 4
tumor passages in 3
months with antibiotic
added to the inoculum.
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various groups of this series were FIG A. Effect of passages of the HAS
undertaken at approximately the tumor through mice treated with cortisone. Each column represents the average size of same intervals, often on the same the primary tumor in the mice of the 13th-
day, the results may be compared 17th passage of Experiment A and of the
directly. five passages of Experiment B2.
Effect of cortisone on local tumor growth. From the data available in
the last 5 passages of group A and the 5 passages of B2 (Table 1, Fig. A),
it is evident that cortisone has a marked inhibitory effect on the initial
growth of the primary tumor, an effect which is considerably diminished at
the death of the animals. No accurate information is available from the first
5 passages of Experiment A and the 4 passages of Experiment B1, and
tumor inhibition, if present, was not produced. It may well be that the over-
whelming infection present during these passages interfered with the corti-
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TABLE 1. INHIBITION OF THE PRIMARY GROWTH IN MICE GRAFTED WITH THE
HAS SARCOMA AND TREATED WITH CORTISONE
Two weeks after
grafting
Average size No.
Passage No. mice turmors inice*
At death
Average
age
days Average size tumnors
Exp. A Treated
13
Control
Treated
14
Control
Treated
15
Control
Treated
16
Control
Treated
17
Control
Exp. B2 Treated
1
Control
Treated
2
Control
Treated
3
Control
Treated
4
Control
Treated
5
Control
cm.
6 0.95 x 0.75
6 2.16 x 2.0
8 0.45 x 0.40
10 1.00 x 0.85
4
10
5
10
6
10
0.62 x 0.62
1.68 x 1.66
1.05 x 0.9
1.68 x 1.66
0.62 x 0.54
1.02 x 0.95
6 1.33 x 0.95
6 2.16 x 2.00
7
10
5
10
5
10
6
10
0.50 x 0.50
1.00 x 0.85
1.20 x 1.20
1.68 x 1.66
0.75 x 0.85
not measured
0.45 x 0.50
1.02 x 0.95
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5 40
All mice
killed at
16th day
7 46
3 40
3
5
43
38
1.75 x 2
1.44 x 1.70
2.06 x 2.12
2.00 x 1.91
2.25 x 2.25
1.68 x 1.75
2.62 x 2.25
1.79 x 1.66
2.45 x 2.37
1.87 x 1.87
2.43 x 2.15
2.06 x 2.12
2.20 x 2.12
2.25 x 2.25
2.06 x 2.18
2.62 x 2.25
1.90 x 1.65
2.45 x 2.37
4 47
2 48
6 45
4 40
3 45
All mice
6 killed at
16th day
5 45
4 50
4 45
5 35
4 48
2 48
5 42
4 45
* The number of mice was somewhat reduced due to natural or intentional early death.
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FIG. 1. The HAS tumor at its 60th passage, 6 weeks after grafting. Note typical
pattern and absence of inflammation in viscera.
FIGs. 2 AND 3. The tumor mag. x20 and 300 respectively.4
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FIGs. 4 AND 6. Lung metastases of the HAS tumor in the cortisone-treated mice.
Note inflammatory lesions in the latter.
FIGS. 5 AND 7. Lung metastases as above, mag. x23 and 300 respectively.
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FIG. 8. Liver of a tumor-bearing, cortisone-treated mouse showing typical gross
inflammatory lesions.
FIG. 9. Liver as in Figure 8 mag. x40.
FIG. 10. Spleen of a similar mouse. mag. x20.Cancer and bacterial cells in cortisonze-treated mice DURAN-REYNALS
sone effect, a phenomenon which has been reported for tissue repair.' When
primary tumor inhibition was quite apparent it was difficult to say whether
the hormone promoted additional necrosis in the tumor. If it did, the effect
was not remarkable.
Effect on the developm^ent of mitetastases and inflammatory lesions. From
the data presented in Table 2 it is evident that lung metastases were present
in 33 of 144 mice (23%o) in 3 experiments. They were located at both the
surface and depth of the organ and ranged in size from microscopic forma-
tions to growths 3 mm. in diameter, at times confluent with other growths
of comparable size. In Experiments A and Bi the metastatic lesions were
usually multiple and invasive, whereas in Experiment B2, begun a year
later, the lesions tended to be solitary and less invasive. Nevertheless, the
incidence of metastases remained about the same throughout all passages
and the microscopic appearance of the primary tumors was maintained in
the metastatic lesions, even though necrosis was more prevalent among the
larger primary growths (Figs. 4, 5, 6, 7).
Gross inflammatory lesions of the viscera developed in 21 of the 34 mice
(61%) comprising the first 5 passages of Experiment A, in which lyo-
philized tissue was added to the inoculum, and in 6 of the 33 mice (18%)
of Experiment B1. In no instance was the inoculum treated with antibiotics.
There were no similar lesions found from the 6th to the last passage of
Experiment A, nor in any of the passages of Experiment B2, in which anti-
biotic was added to the inoculum. Therefore, the incidence of these inflam-
matory lesions diminished considerably when inoculations of lyophilized
tissue were omitted from the passages and disappeared altogether when
antibiotics were added to the inoculum of tumor cells. The lesions were
most noticeable in the liver, which was grossly enlarged and characteristi-
cally ragged and mottled. The spleen, lymph nodes, and other tissues were
also enlarged and discolored, whereas the lung lesions were predominantly
hemorrhagic. Microscopically, the liver contained large nodules of poly-
morphonuclear leucocytes and other inflammatory cells, which were usually
located perivascularly and associated with diffuse or focal necrosis. Com-
parable lesions were observed in the spleen, lymph nodes, and other tissues.
In fact, those mice devoid of gross inflammatory lesions, which had received
an inoculum without antibiotic, frequently had microscopic lesions which
were readily detected. The gross lesions can, therefore, be regarded as an
exponent of the total incidence of infection (Figs. 8, 9, 10). In the bac-
teriological investigation of the inflammatory lesions and blood of infected
mice, coliform organisms were recovered consistently. To estimate the viru-
lence of these bacteria, normal mice were injected with representative cul-
tures. The minimal lesions produced indicated a very low pathogenicity
indeed.
505Cg C) ) C
00 0 00C
R,
11
'7 ft00 000C
oo00 o0%0 co
*
*oh~
W - N
0):tl ++
Q . I t+
t 4
'7 +
1~
N 00 00 0
$
0'7et
00 %-
%-W
4:-
- I-I
Nt
m
*
0
E-
000 0 0
00l%00 00
-
0 C> C
C#~) 10 D
- 0- 0 -
0 - eN %0N000%os - -|
10 U4
0
C) O
0 0 N d-
10 U) \ _t
%O
00 + + N +0
10 N d0- %0n
10 '0 N
+- + +-
04
00 E:
4:
0
0
n
E-4
B
4:
z
2
U)
1.4
>4
64
Ez
z
94
U)
04 14
En
4:
0
0E
0
0
0
e 1
0
-
o
1 0%
0M
P',
r'U
4,
t4
*u1,
0
*4)
4) '-N
0
cn
10
C-)
4)
4-I *
*0
pb
.4
4 *s4
*0Cancer and bacterial cells in cortisone-treated mice U
From the data presented thus far, it is evident that cortisone inhibits the
growth of the primary HAS tumor while it simultaneously promotes the
development of metastases in the lung and inflammatory lesions in the vis-
cera. These phenomena have never been observed in 8 years of routine
transplantation without the hormone. With cortisone they are manifest
from the first passage, but are not increased by additional passages-up to
17-in cortisone-treated mice or by conplementary injections of lyophilized
tumor tissue. The inflammatory lesions which were found to co-exist with
tumor metastases in the lungs and other viscera, initiated by latent bacteria
of low virulence, nevertheless gave the gross appearance of a generalized
leucotic infiltration subsequent to the growth of the primary tumor.
Tumors passed from cortisone-treated to nontreated hosts. To ascertain
whether the acquired property of metastases and the association with
inflammatory lesions would persist in the absence of cortisone, the tumors
from cortisone-treated animals were transplanted to untreated C57 black
mice. Cell suspensions from 7 different primary tumors in 4 passages of
the A series were inoculated into untreated mice without the admixture of
antibiotics. With 2 sub-lines thus started, 3 passages in 3 months and 16
passages in 12 months were continued through other untreated mice in
exactly the same manner as with the A and B lines. Metastases never
developed. On the other hand, as shown in Table 3, gross generalized
inflammatory lesions did occur which, in one passage, proved to be lethal
for most mice. However, the generalized inflammatory lesions faded in the
course of the passages even though bacteria continued to thrive in the
primary tumors, as demonstrated by culture.
In another experiment, tumor tissue from lung metastases was prepared
in the same manner as primary tumor suspensions, and the metastatic cells
were inoculated into 10 cortisone-treated mice and 10 normal controls.
Tumors developed in all mice, and lung metastases developed in 2 animals
treated with cortisone.
From these experiments it is evident that the development of lung
metastases and of inflammatory lesions does not persist in passages through
untreated mice.
Passage of normal liver and spleen extracts through cortisone-treated
nice. Although the above results clearly implicate the bacterial flora of the
tumor in the occurrence of inflammatory lesions, additional experiments
were undertaken. To parallel the first tumor passages in Experiments A
and Bi, 10 mice were prepared by the usual intraperitoneal injection of
lyophilized tumor tissue and were then grafted with the sarcoma. The
tumor grew in the prepared hosts as in normal mice, but 4 of the animals
507
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receiving lyophilized extract developed gross inflammatory lesions of the
viscera. In a second experiment the possibility of reviving latent bacteria
in the tissues of normal C57 mice was investigated by passage through
cortisone-treated mice. A total of 4 passages was carried out approximately
at monthly intervals, using a 1: 20 cell suspension of normal liver or spleen
injected subcutaneously into 4 mice. In not one instance was a gross or
microscopic inflammatory lesion observed in the viscera nor were bacteria
recovered from the inocula.
Cell-free HAS preparation and tumor production. The transmissibility of
the sarcoma by filtrates or desiccates has been tested repeatedly in newborn
and adult C57 black mice since the earliest passages. The results have been
consistently negative. Experiments were repeated in the current study using
filtrates from a wide range of tissues. On 16 different occasions the primary
tumors, the metastases, and the livers and spleens of mice treated with
cortisone were extracted with 10 volumes of saline and centrifuged, yielding
extracts which could be filtered through a Berkefeld N. candle. Aliquots of
the filtrate ranging from 0.1-1.0 ml. have been injected into approximately
150 C57 black mice ranging in age from a few hours to 6 weeks. In many
instances the mice had previous treatment with cortisone, some with and
others without lyophilized tumor. In some of the newborn mice cortisone
was injected subcutaneously with the filtrate. The injected animals were
kept for 2-5 months. In not one instance was a tumor induced nor did a
lesion of any sort develop.
DISCUSSION
Pertinent to our study and the interpretation of results is the work of the
Chilean observers, Agosin, et al.,2 Christen, et al.'° and Tallman and Gasic,'
who used an adenocarcinoma grown in cortisone-treated C57 mice, the
homologous strain, to show a marked suppression of the primary tumor
growth with the concomitant development of metastases. The effect per-
sisted only in treated animals and grafting of the metastatic tissue induced
ordinary tumors. Similar observations were made by Baserga and Shubik5'
in an adenocarcinoma from DBA mice. Others, such as Higgins,' Antopol,
et al.,' Martinez, et al.,' Gottschalk,'9 and Stock, et al.,' described and dis-
cussed the suppressing effect of the hormone on the primary growth of a
variety of tumors, while Pomeroy'3 studied the effects of cortisone treat-
ment on tumor cells injected intravenously. The action of the hormone has
been variously and tentatively interpreted as being exerted directly on the
tumor cell,20' or indirectly on the tumor and variably directed at its
metastases ;6a'3S it is said by others2 to exert an effect on the mesenchyme,
particularly its ground substance. Discrepancies in observations have been
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variously attributed to the intrinsic characteristics of the tumor, to dosage
or time of cortisone injection, and conceivably to other factors.
Concerning the effect of cortisone on saprophytic bacteria, Selye'0 pro-
voked a disease in rats which is very similar to that which we have
described in mice. He has speculated on changes in the ground substance
of the mesenchyme which would influence the critical concentration of
bacteria and the inducement of tissue invasion.'
The results presented in this paper deal with cortisone-treated mice
bearing transplants of a chemically induced tumor, and confirm these recent
studies using different techniques and hosts.* The phenomena observed
include the inhibition of primary tumor growth with the simultaneous
induction of metastases,"56 and the provocation of generalized infection by
latent saprophytic bacteria.27 ""' However, the significance of the present
experiments has been to compare these two phenomena and observe their
simultaneous occurrence in one host. Thus, the bacterium and the cancer
cell can be observed while subject to the same influences, and the behavior
of one cell can be evaluated in the light of what is known about the other.
Both phenomena under consideration depend upon the persistent presence
of cortisone, for metastases as well as generalized bacterial lesions do not
occur after a few passages of the tumors through normal mice. Hence, no
permanent variation toward increased malignancy or virulence had taken
place in either cancer or bacterial cells under the effect of the hormone;
indeed, when returned to normal mice, both cancer cells and bacteria soon
resumed their existence as in ordinary passages. Nor was the effect of corti-
sone cumulative for either type of cell, because repeated passages of the
tumor through the hormone-treated animals did not increase the incidence
of metastases or ofbacterial lesions above that observed in the first passages.
Concerning the effect of cortisone on the growth of the primary tumor, it
is pertinent to consider the work of Lurie" dealing with the influence of
the hormone on tubercular infections in rabbits. One of the main points he
disclosed was inhibition of the primary foci of infection, resulting in smaller
tubercles and restricted invasion of adjacent structures. This can be at-
tributed to decreased permeability of capillariee" and ground sub-
stance.8' 9 "4 Is it possible that the pronounced, albeit temporary, inhibition
of the primary tumor by cortisone could be a direct counterpart of the
phenomenon Lurie described?
Concerning the formation of metastases, it is feasible to consider solitary
cells detached from the mass of the primary growth, their dissemination in
* The present investigation was started in 1952 before the results of the effect of
cortisone on tumors2',' were known.
S10
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the blood, and their nidation in remote tissues as events analogous to septi-
cemia and the formation of secondary abscesses. In the present study both
cancer cells and bacteria, living in close approximation in the primary
tumor, were disseminated widely throughout the viscera. A second analogy
with bacterial inrfection may be justified if one considers the capacity of
cortisone2" to increase the phagocytic power of macrophages, leading to
rapid fixation of circulating mycobacteria and carbon particles, while at the
same time the digestion of bacteria by the phagocytic macrophages is
blocked, leading to unrestricted bacillary multiplication. It is possible that
enhanced phagocytic function results in fixation and multiplication of the
blood-borne cancer cells as well as bacteria, thus leading to metastasis as
well as to abscess formation. Two studies are particularly pertinent to this
concept: one is that of Pomeroy,'M which shows that tumor cells injected
intravenously induce growths with greater frequency in cortisone-treated
mice; and the other is that of Kass, et al.,' which indicates that the hor-
mone impairs the digestive capacity of the macrophage for red blood cells
which are practically as large as tumor cells and larger than bacteria.
The parallel behavior of bacterial and cancer cells is further emphasized
by examining the effects of estrone, a hormone in many ways antagonistic
to cortisone. On the one hand, estrone strongly protects against strepto-
coccal,17 pneumococcal,4 and tubercular2" infection, and on the other hand
it markedly suppresses the growth of transplantable tumors in animals"'
and, to a certain extent, metastatic malignancy in humans."" The hor-
mone has the property of stimulating the formation of large amounts of
ground substance in monkeys1' and in some strains of mice.' The effects
of estrone on infection are due, at least in large measure, to phenomena
occurring in the ground substance,1'2' and studies presently carried out
in our laboratory on Swiss mice-hosts responding equally well to the hor-
mone'-give strong evidence for the same mechanism with cancer.'6 Corti-
sone also induces effects on the ground substance, sometimes of a contra-
dictory nature. These effects are manifested in both normal and pathologi-
cal tissues by depletion of the whole intercellular matrix,"'9 and consequent
increase or decrease of the barrier value leading to changes in the spreading
reaction.*8'
'
Whether, in hosts in a state of endocrine imbalance, the analogies between
bacterial infection and the growth of malignancy are only of a superficial
sort, or whether they reveal a fundamental identity in the behavior of bac-
* As examples of further analogies between the behavior of bacterial cells, one can
well quote the work of Murphy;' the effect of lymphocytic reaction on cancer and
tuberculosis can be considered either in itself or as an index of a more general reaction
of the organism.
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terial and cancer cells, is not apparent. One can state, however, that further
studies concerning the effect of hormones on the mesenchyme of the host
and on the ground substance of the tumor itself are likely to be fruitful; it
is an accepted fact that events concerned with the cohesion of matrices of
the tumor1 12 -and surrounding host tissues as well2 '18''1-are of great
importance in the formation of metastatic lesions. The tumor used in the
present study-the HAS sarcoma-is extremely rich in ground substance,
and changes induced in it by hyaluronidase are readily ascertained by histo-
chemical methods. One could expect that the tumor would also reflect hor-
monal effects exerted on its ground substance, as well as in the mesenchyme
of the host. Studies in this direction are contemplated.
SUMMARY
Under the effect of cortisone, a transplantable mouse sarcoma, which has
never been known to induce metastases in normal hosts, gave rise to meta-
static lesions during the simultaneous, although temporary, inhibition of
the primary tumor.
Concurrent with the above phenomena, pronounced inflammatory lesions
occurred in the viscera due to generalized infection with saprophytic bac-
teria present in the tumor. Both effects were manifest from the first passage
and did not increase during further passages.
Both effects of the hormone disappeared upon passage of either the
primary tumors or metastatic lesions through normal mice. The effect of
bacterial infection could be suppressed by antibiotic treatment even in
cortisone-treated mice.
The methylcholanthrene-induced sarcoma used in these studies (HAS)
is extremely rich in viscid ground substance which is attacked by testicular
and bacterial hyaluronidase. This tumor has been described, and its possible
usefulness as a tool to study metastases formation and other phases of
malignancy has been indicated.
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